ABSTRACT: In many shrimp farms in the Kyushu and Chugoku areas of Japan, the so-called midgut gland cloudy disease of kuruma shrimp larvae (Penaeusjaponicus) has occurred since 1971. The pathological changes associated with this baculoviral mid-gut gland necrosis (BMN) are extensive cellular necrosis, collapse of mid-gut gland cells, nuclear hypertrophy and finally karyorrhexis. Electron microscopic examination revealed the presence of virions and virogenic stages in the affected nuclei. Average length and diameter of the virions detected was 310 and 72 nm, respectively; nucleocapsids were 250 nm in size. Virions enclosing 2 nucleocapsids within a single envelope were rarely found. The spirally arranged capsomeres were at an angle of 37 to 38 ° to a horizontal line meeting at right angles with the long axis of the virion. Infectivity trials resulted in high mortality of healthy mysis and juveniles (2nd post-larval stage). Juveniles at the 9th post-larval stage showed no mortality, although they could be infected easily by the agent. Hypertrophied nuclei in squashed and stained preparations of the affected gland cells can be considered to be of reliable presumptive diagnostic character, and fluorescent antibody staining can be employed to confirm the diagnosis of BMN.
INTRODUCTION
In many shrimp farms in the Kyushu and Chugoku areas of Japan, the so-called midgut gland cloudy disease of kuruma shrimp larvae, Penaeusjaponicus, has occurred from May to September, the growing season, almost every year since 1971. It has drastically produced high mortality and showed fully advanced necrosis of the mid-gut gland. However, nobody has attempted to find the causative agent of this disease thus far. We had an opportunity to perform pathological examinations of the diseased shrimp in the summer of 1977 and infectivity experiments in the summers of 1978, 1980 and 1982. Consequently, we were able to obtain evidence that all moribund shrimp larvae suffered from an infection accompanied by the presence of numerous rod-shaped particles, infectivity trials indicated that the baculovirus is probably the causative agent of this epizootic. C o n s i d e r i n g that this baculovirus has the potential to produce high mortality in shrimp larvae, we tried to develop a rapid diagnostic t e c h n i q u e i n c l u d i n g confirmative diagnosis.
MATERIALS AND METHODS
The first materials studied were m o r i b u n d shrimp larvae, showing the same symptoms as shrimp in the epizootic (Fig. 1) , and healthy larvae brought to the Laboratory of Fig. 1 . General appearance of kuruma shrimp larva suffering from baculoviral mid-gut gland necrosis (BMN). Mid-gut gland (a rrow) became cloudy due to severe necrosis of the organ. Bar = 2 mm Fish Pathology, Tokyo University of Fisheries, from a shrimp-culture farm located at Ube, Yamaguchi Prefecture (June, 1977) . Materials at the 9th post-larval stage (healthy) were transported to the same laboratory from Shizuoka Prefectural Fish Farming, Numazu, Shizuoka Pref. (September, 1982) .
Material for conventional microscopy was fixed in neutral 10 % formalin and Bouin's solution. Sectioned preparations were stained with hematoxylin and eosin, and by VagoAmargier's method (1963) . For electron microscopy, the same materials were fixed for 2 h in cold 2.5 % g l u t a r a l d e h y d e (in 0.1 M PBS adjusted to PH 7.4), rinsed for 1 h with 7 % sucrose (in 0.1 M PBS) a n d postfixed for 1 h with 1% osmium tetroxide (in marine crab saline). These materials were dehydrated in alcohol, e m b e d d e d in epoxy resin, sectioned and stained with uranyl acetate, with s u b s e q u e n t staining with lead citrate, a n d observed with a JEM-100B electron microscope.
For electron microscopy of n e g a t i v e stain, the following procedures were employed: 1 g affected shrimp frozen at --80 °C for I yr was h o m o g e n i z e d while chilling, s u s p e n d e d in 30 ml m i n i m u m essential m e d i u m s u p p l e m e n t e d with 2 % fetal bovine serum (MEM-2), centrifuged at 2000 xg for 20 min; the supernatant was then centrifuged at 17,500 xg for 30 min. The precipitation was resuspended in 2 ml Tris-HC1 Buffer (PH 7.4, 10 mM). It was then negatively stained with 3 % uranyl acetate and observed with a JEM-100B.
Infectivity experiments were carried out using oral and waterborne inoculation. Thirty larvae from the 2nd day post-larval stage were used for the oral inoculation test, each larva being released into a 100 ml flask. Ten larvae (also one per flask) were used as controls. Each larva in the oral inoculation group was fed mid-gut gland removed from one diseased shrimp. Control shrimp were fed nauplius of brine shrimp. Water temperature in flask during the experiment ranged from 23.2 to 27.0 °C. The waterborne inoculation tests utilized 50 larvae from mysis II or III stage. These larvae were released into 5 1 jars, for control and test purposes. The inoculant was the supernatant fluid obtained by centrifuging 0.3 g homogenized diseased shrimp, previously frozen at --80 °C, in 10 ml sterilized seawater at 300 xg for 10 min. The supernatant fluid (6.5 ml) was filtered through a 450 nm filter prior to addition to the test jar. Water temperature during this experiment ranged from 25.6 to 26.0 °C. Both control and test shrimp were fed nauplius of brine shrimp.
Waterborne inoculation of juveniles at the 9th post-larval stage was performed as follows: 1 g diseased larvae frozen at --80 °C was thawed and homogenized in 69 ml sterilized seawater, subsequently centrifuged at 700 xg for 10 min. The supernatant fluid (43 ml) was filtered through a 450 nm filter prior to addition to a 1 1 jar in which 100 larvae were subjected to oral inoculation for 2 h. These post-inoculation larvae were raised in 15 1 seawater at 22.5-25.0 °C.
Squashed and stained preparations of spontaneously affected mid-gut gland were checked for the presumptive diagnostic technique. The indirect immunofluorescence technique was also examined to learn whether this procedure can be employed to confirm the diagnosis, using waterborne-infected juveniles from the 9th post-larval stage. Samples for this experiment were taken at 18, 24, 36, 48, 60, 72, 96 and 120 h postinoculation. Squashed preparations from the glands of these samples were provided, fixed with acetone for 10 min at room temperature and then stained with the indirect fluorescent antibody technique using FITC-Protein A (Pharmacia Fine Chemicals).
RESULTS
The field report from the shrimp-culture farm at Aio, Yamaguchi Prefecture, on mortality caused by an epizootic indicated that the shrimp larvae suffered high mortality; 20 % up to mysis or the 1st post-larval stage; 50 % up to the 7th stage ( Fig. 1) and 90 % up to 8th or 9th stage.
Light and electron microscopic examination showed no evidence of any polyhedral inclusion bodies like those produced by some insect baculoviruses in material of the affected gland of moribund larvae (Figs 2and 6) . However, such preparations revealed remarkable cellular necrosis and collapse of mid-gut gland. Preparations stained with hematoxylin and eosin showed that nuclear hypertrophy and collapse always followed these cellular changes. The dimensions of the hypertrophied nuclei of such cells were 10-14 × 12--16~m, while comparable figures for normal nuclei were only 4 -6 x 4 --8 ~m. There was also no evidence of any inclusion bodies in the preparations stained according to Vago-Amargier's method (1963) . Electron microscopic observations s h o w e d cytoplasmic collapse of mid-gut gland cells and n u c l e a r hypertrophy, as w e l l as the p r e s e n c e of rod-shaped particles, presumed to be baculovirus, in the nuclei (Figs 2, 3) . Such pathological c h a n g e s w e r e common and always o b s e r v e d in the d i s e a s e d larvae from the culture farms at both Ube and Aio.
A b u n d a n t clusters of these particles w e r e found in the l u m e n of the affected organ.
No such c h a n g e s or r o d -s h a p e d virus particles w e r e seen in the control preparations of normal larvae.
As shown in Figure 2 , the virions contained rod-shaped nucleocapsids (arrow) and w e r e e n v e l o p e d twice with outer and inner m e m b r a n e as an essential structural component (insert). S o m e t i m e s the e n v e l o p e s w e r e convex or concave. The a v e r a g e length and d i a m e t e r of virions w e r e 310 nm and 72 nm, respectively. The a v e r a g e length of the nucleocapsids was 250 nm in longitudinal section and the a v e r a g e diameter of the nucleocapsids was 36 nm. The a v e r a g e d i a m e t e r of convex e n v e l o p e s or protruded e n v e l o p e s was 130 nm. Incomplete viral particles r e p r e s e n t i n g virogenic stages were found in the affected nuclei. A fibrillar structure w h i c h m i g h t represent virogenic materials was also o b s e r v e d (Fig. 2) . The latter structure was similar to stromal fibrils r e v e a l e d in the nuclei of fat-body cells in " M a l a y a disease" of an insect Oryctes rhinoceros reported by H u g e r (1966}. In general, the virion consisted of one rod-shaped n u c l e o c a p s i d within a single envelope. However, w e rarely e n c o u n t e r e d virions with two n u c l e o c a p s i d s e n c l o s e d within a single e n v e l o p e (Fig. 4) . T h e spirally arranged capsomeres w e r e at a 37 to 38 ° a n g l e to a horizontal line m e e t i n g at right angles with the long axis of the virion (Fig. 5) . 
T h e r e s u l t s o b t a i n e d f r o m oral i n o c u l a t i o n of t h e 2 n d p o s t -l a r v a l s t a g e a r e p r e s e n t e d in T a b l e 1. W h i l e t h e c o n t r o l s e x h i b i t e d n o m o r t a l i t y , t h e i n o c u l a t i o n g r o u p s h o w e d t h a t c u m u l a t i v e m o r t a l i t y w a s 83
% u p to 4 clays a f t e r i n o c u l a t i o n a n d r e v e a l e d a b n o r m a l n u c l e i in t h e m i d -g u t g l a n d ( 8 1 % ) a n d i n t h e i n t e s t i n e (43.7 %), w h e r e a s n o c e l l u l a r c h a n g e s w e r e o b s e r v e d i n t h e c o n t r o l g r o u p . T h e r e s u l t s o b t a i n e d f r o m w a t e r b o r n e i n o c u l a t i o n of t h e m y s i s a r e s h o w n in t h e s a m e t a b l e . W h i l e c u m u l a t i v e m o r t a l i t y in t h e e x p e r i m e n t u p to 4 d a y s p o s t -i n o c u l a t i o n , w a s 5 1 . 1 % , m o r t a l i t y in t h e c o n t r o l w a s 9 . 1 % o v e r t h e s a m e p e r i o d . A d d i t i o n a l l y , t h e r e w e r e d i f f e r e n c e s b e t w e e n a v e r a g e b o d y l e n g t h of s h r i m p s from t h e e x p e r i m e n t a l g r o u p a n d t h e c o n t r o l g r o u p . T h e r e s u l t s o b t a i n e d f r o m w a t e r b o r n e i n o c u l a t i o n of j u v e n i l e s at t h e 9th p o s t -l a r v a l s t a g e s h o w e d a c u t e i n f e c t i o n , b u t no m o r t a l i t y o c c u r r e d d u r i n g t h i s e x p e r i m e n t a l p e r i o d . Ultrathin sections of the g l a n d infected, following waterborne inoculation of the 2nd post-larval stage, revealed n u c l e a r hypertrophy and severe infection accompanied by n u m e r o u s baculoviruses (Fig. 3) . These results were not different from those obtained from the s p o n t a n e o u s l y affected shrimp larvae concerning histological alterations.
S q u a s h e d and stained preparations of the affected mid-gut g l a n d indicated hypertrophied nuclei (Fig. 6 ). In addition, it was demonstrated that indirect immunofluorescence t e c h n i q u e can be used to detect infected stages 24 h after inoculation.
DISCUSSION
Baculoviruses comprise the following subgroups (Matthews, 1982) : Baculoviruses of subgroup A and C replicate exclusively in the nucleus; those of subgroups B replicate largely in the nucleus, but replication can occur in the cytoplasm. Virions may be occluded or non-occluded, d e p e n d i n g u p o n the time or s e q u e n c e in the infection cycle or the virus species. Virions of subgroups A a n d B can be occluded in the crystalline protein occlusion body, which may be polyhedral in shape and contain m a n y virus particles (subgroup A), or be ovicylindrical a n d contain only one or rarely two particles (subgroup B). Subgroup C viruses have no occlusion bodies, Consequently, the baculovirus we found in k u r u m a shrimp could be a m e m b e r of s u b g r o u p C (non-occluded rod-shaped nuclear viruses).
Three m e m b e r s of Baculoviridae have b e e n identified in P e n a e u s thus far (see Table 2 ). The agent described in this paper is different from Baculovirus p e n a e i which was identified and n a m e d after t 9. d u o r a r u m and 19, a z t e c u s (Couch, 1974 (Couch, , 1975 (Couch, , 1976  , 1975) ; it is also different from baculovirus found in P. monodon by Lightner & Redman (1981) . They produced characteristic nuclear occlusions. On the other hand, such inclusion bodies were not observed in the affected mid-gut gland cells of kuruma shrimp. According to Bonami (pers. comm.) , there are two species or types of baculovirus found in European marine invertebrates. In these two, the spirally arranged capsomeres were at 0 ° and a 37 to 38 ° angle, respectively, to a horizontal line meeting at right angles with the long axis of the virion. The virus considered here was at the latter angle.
We have tried to establish the shrimp cell line, but have not succeeded thus far. Although the virus has not yet been propagated in culture, three different infectivity experiments made in this study indicated that this epizootic is almost certainly a viral infection. It is suggested that viruses released with feces into the water of intensive culture systems of kururna shrimp play an important role in the horizontal transmission. As Table 1 shows, this baculovirus, following the very acute infection and short incubation period, brings on severe mortality of kuruma shrimp in the post larval stage.
Evidence could be provided that hypertrophied nuclei observed in squashed and stained preparations of the affected mid-gut gland are a reliable presumptive diagnostic indication for BMN. Also, the indirect immunofluorescence technique can be applied to detect the infection at an early stage; it can be used as a confirmative diagnostic technique.
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